 Abstract-Carpooling consists in sharing one's personal vehicles with one or several passengers in order to share the related costs but also reduce traffic and CO 2 emissions. Today, there are several studies that revolve around dynamic carpooling. The problem is how to assign every new passenger's request to one or more vehicles. This assignment must be done in real time. However, most of these studies still remain in embryonic stage regarding automation and real time aspects. In addition, there is another big handicap, due to the problem's high complexity, concerning the way to make the process perform efficiently. Therefore, this study adopts a Multi-criterion Tabu search (MTS), which is an evolutionary method based on explicit memory systems and several searching strategies designed to avoid the entrapments by local solutions. Then, to obtain a rigorous and meaningful evaluation of our solution, we use an original aggregative approach based on Choquet Integral which take into account the interaction, the compensation and avoid redundancy between criteria. Finally, to assess the merits of our approach we present a simulation study based on travel demand data from metropolitan of LilleFrance. The simulation results indicate that the use of metaheuristic optimization methods improve the performance of our dynamic carpooling system.
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I. INTRODUCTION
The increase in commuting time, traffic congestion and rising fuel prices, lead to a questioning of the massive use of the private car. Moreover, taking into account environmental awareness and sustainable development policies pave the way for innovative eco-mobility practices. Hence the emergence of car sharing is one of the planned rationalization of the use of the private car solutions. In this context, carpooling is a concept that brings a great interest. It is defined as the common use of a vehicle by an unprofessional driver and one (or more) passenger (s) to carry out all or part of a common path.
Following criteria reservation management adopted within the system, the work done so far can be divided into two categories. The first category is based on a static reservation management while the second deals with the  Operating systems, such as carpooling sites that remain for the most open and non-optimized systems.  The academic studies done for modeling and optimization of such systems. Projects official carpooling have been around since the mid-1970 and are released as online sites through which members can post carpool requests and retrieve relevant offers (e.g. Covoiturage.fr, carpooling.com). The principle is simple: members must introduce their personal coordinates (origin, destination, time ...). Then, they can directly contact each other to agree on trips' details. However, static systems require booking in advance based on a static reasoning, regardless of instantaneous events. To address this deficit, dynamic carpooling systems are developed with a real time service management (e.g. greenmonkeys.com, covivo.fr). The mobile computing with current advances in geographic location systems, mobile communications (e.g. GPRS, Wimax), new mobile devices (e.g. PDA, mobile phone) and navigations platforms overcame this limitation. This type of carpooling has great development potential because of the flexibility of the service, it aims to provide through its principles: real-time route optimization and guaranteeing a reliable service.
On the academic side, several tools and approaches have been proposed to solve the problem of carpooling in its dynamic context. However, most carpooling studies have focused on the to-work problem (from different origins to a common destination) or the return-from-work problem (from the same origin to different destinations). In this context, R. Baldacci [1] examined carpooling as a transportation service organized by a large company which encouraged its employees to pick up colleagues while driving to/from work, to minimize the number of private cars traveling to/from the company site [2] . On the other side, suitable model developed for solving practical many-to-many carpooling problem. To solve this problem, several studies have adapted the Djikstra algorithm to find the shortest path [3] , [4] . Moreover, trying to take advantage from new technologies, mobile and lightweight devices, systems integrating the multiagent concept have emerged [5] , [6] .
Nevertheless, those systems are either operating or not and even if some of them succeeded, they still need improvement. As optimization and dynamicity are the most lacking aspects, we are interested in setting up an optimized dynamic carpooling system which manages a set of offers and requests and proposes optimized assignment passenger/vehicle which minimize travel time, its cost and the 2 CO emission quota. 
II. DECISION VARIABLES
where moving preferences are specified: 
III. DEVELOPED APPROACH
To solve the multi-criterion dynamic carpooling, we propose a meta-heuristic approach called Tabu Search Algorithm (TSA) formally introduced by Fred Glover in 1989 [7] . This algorithm has a flexible memory to keep the information about the history search and employs it to create and explore the new solution in the search space.
A. The Assignment Process
In this study, we propose a Multi-criterion TSA (MTSA) for the Dynamic Carpooling Problem (DCP (Table II) . 
2) Construction of initial solution
According to information from the matrix of possible assignments and the vehicles capacities, an initial solution is obtained by randomly assigning passengers to vehicles. Subsequently, the algorithm shall verify whether the passenger is assigned to the same vehicle in the departure and in the transit node. Otherwise, the passenger needs two vehicles to ensure his journey. Then the system checks if the two vehicles have a common intermediate destination.
3) Tabu list
Thanks to Tabu Moves, we can keep the search bias toward point with lower objective function values and escape from local optimum solution. In our case and in order to avoid returning to the local optimum already visited, the Tabu ,,
and it is saved in the Tabu List.
4) Neighbourhood construction
To obtain the neighborhood solution, our system searches in the Tabu List the unallocated passengers and reassigns them to other vehicles. In case where the Tabu List is empty, the system chooses randomly certain passengers and reallocates them to other vehicles in order to avoid a local optimum solution.
5) Aspiration criterion
Since, the Tabu List may forbid certain worthy or interesting assignments vehicle/passenger possibly leading to a better solution than the best one found so far. An aspiration criterion is used to allow tabu assignments to be released if they are judged to be worth or interesting. In our case, the aspiration criterion is defined by the possibility that a vehicle can make a detour to retrieve a passenger in order to provide more flexibility. In other word, the aspiration criterion is to allow "excellent" Tabu Moves to be selected if the aspiration level is reached. 
where lk X is a decision variable which is equal to 1 if
Then, The total passengers waiting time at the different nodes is equal to:
 The total delay time This criterion seeks to minimize the delay time which corresponds to the difference between the desired arrival time specified by the passenger and the actual arrival time to its final destination (i= l P  ). It can be defined as follows:
Consequently, the total delay time is calculated as: 
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Subsequently, to evaluate the solution, we need the total route time of all passengers which is determined as: In that case, the total environmental gain realized by all passengers is determined by: Then, the total cost for all passengers is calculated by:
Thereafter, the aggregation criteria process is determined by applying the Choquet Integral taking into account the weighting, the interaction and the compensation between different criteria.
b) The choquet integral The classical weighted arithmetic mean method is the most commonly used operator to aggregate criteria in decision making problems without further considering the interactions among criteria. On the contrary, the discrete Choquet integral proposed by Murofushi and Sugeno [8] has proven to be an adequate aggregation operator that extends the weighted arithmetic mean method by taking into consideration the interactions among criteria. It is possible to express the Choquet integral in case of 2 additive measures by using only the interaction index, as follows. Let 1 ,..., n aa be scores on criteria.
where  et  represent respectively the minimum and maximum.
To calculate the partial scores, we apply the fuzzification method used by our team [9] in order to make criteria homogeneous and evaluated in the same scale.
 We note that values on the diagonal of this matrix represent the criteria importance, whereas the others represent the interaction index between criteria.
IV. MTSA TO SOLVE THE DCP The Tabu Search begins by marching to a local minimum. Then, MTSA uses a neighborhood search procedure to iteratively move from one potential solution to an improved solution, until some stopping criterion has been satisfied. The procedure of MTSA can be described as follows: 
V. SIMULATION RESULTS
In order to improve the effectiveness of our approach and to study the merits of optimization for dynamic carpooling, we propose a ridesharing service in the French city of Lille (Nord department) during a transport's disturbance. Let's suppose that between 7 a.m. and 10 a.m a technical problem takes place on a section of the metro line 1 (yellow) and the bus 42 (green) (Fig.  3) . We note that there are two poles of transfer between the two lines in both directions. Therefore, we present here a scenario composed of 30 passengers subdivided into 15 requests, and 20 vehicles travelling on the network. Each passenger or group of passengers must express their preferred departure and arrival times (Table II) . The Fig. 4 indicates that majority of passengers arrived at their destinations with an average waiting time of nine minutes, an average route time which may not exceed ten minutes and sometimes without delay. According to Fig. 5 and Fig. 6 , we note that the gain realized by each passenger may exceed 1500 g of CO 2 and the cost of travel may be less than one euro unlike the unified price of public transport tickets which does not take into account the traveled distance. Moreover, to measure the quality of our solution, we determine the performance rate for each time interval. This rate is obtained by dividing the total number of vehicles operating in this time interval by the number of served passengers including the drivers aboard these vehicles. More this rate converges to zero better the solution is efficient (Fig. 7) . Our purpose in this paper is to develop a system which offers a real-time carpool solution and optimizes several criteria travel time, travel cost and environmental gain. Therefore, we propose the application of TSA as metaheuristic method for DCP. However, this problem's high complexity constitutes a big handicap through the way to perform efficient process. Consequently, the DCP can be decomposed into multiple less complex tasks. Indeed, we will propose in future studies the network's subdivision principle in conjunction with the Multi-Agent concept to highlight the decentralized parallel process…
